SUMMARY Bone histology was quantitated in 10 osteoporotic patients aged between 17 and 51 years and in six healthy subjects aged between 23 and 43 years. The osteoporosis was of varying aetiology and was clinically stable. All patients were given tetracycline before biopsy and double tetracycline labelling was used in seven patients. Bone forming and resorbing surfaces were defined by the presence of osteoblasts and osteoclasts, respectively, which were identified by histochemical techniques.
Acquired osteoporosis can only arise from an imbalance between bone resorption and formation, and the nature of this imbalance should be definable by quantitative bone histology. In the numerous histological studies of osteoporosis, however, the findings have varied between an increase in resorbing surface,'-7 a decrease in forming surface,''2 or no detectable abnormality. '34 Most of these studies have identified bone resorption by crenated surface and formation by osteoid, and have not measured osteoblasts or osteoclasts; when control specimens have been included, they have often been taken after death.
In this report we describe bone histology in 10 relatively young patients with clinically stable osteoporosis and compare them with six healthy controls. Though the osteoporosis was of varying aetiology, and in seven the aetiology was unknown, they had in common the problem of a bone mass low enough to lead to pathological fractures. The histological techniques include histochemical stains to identify osteoclasts'516 and osteoblasts '7 and tetracycline labelling to show mineralisation. '7 In seven patients dynamic measurements of bone formation after double tetracycline labelling were also obtained.
Material and methods
The 10 patients all presented with pathological Accepted for publication 6 October 1988 fractures which included the vertebrae in all except case 3 (table 1). Mean (SD) age was 34 (10) The controls comprised six healthy employees-five men, aged 32 (8) years, range 23-43 years. '7 All patients took demeclocycline 1 2 g three days before biopsy, and seven (and the six controls) also took tetracycline hydrochloride 1-5 g 24 days before biopsy. Each label was given over a period of about 12 hours.
BONE BIOPSY SAMPLING
In the controls and in eight patients this was taken from the posterior superior iliac spine, with an 8 G Jamshidi needle (20 x 2 mm core)'9; transiliac samples were obtained with an RNOH trephine (10 x 5 mm core) from cases I and 8. The values for 391 Hills, Dunstan, Wong, Evans 392 activity;'5 a 7 gm section mounted unstained for tetracycline fluorescence; and a 5 pm section for pyronin staining to show ribonucleic acid.'7 A total section area of at least 50 mm2 was measured. Toluidine blue was used as a counterstain for the first and third sections. Osteoclasts were identified by their red granular cytoplasm in the sections stained for acid phosphatase activity.'5 Osteoblasts were defined as cells (plump or flat) forming a continuous lining on bone surfaces and showing intense cytoplasmic pyronin staining.'7 Osteoid was defined as unmineralised matrix, visible when viewed at a magnification of x 100 (objective x 63, numerical aperture 0-16). Polarised light was used to identify woven bone. A microscope with a camera lucida attachment was used to prepare a tracing (magnification x 100) of the superimposed images ofthe three consecutive sections, and the tracings were quantitated with an X-Y digitiser interfaced to a desk top computer."
The methods of calculation have been described in detail previously,'7 but some aspects should be explained here. Bone resorption was expressed as osteoclast count/mm2 section area, and as resorbing surface (the percentage of bone surface actually in contact with osteoclasts). The two tetracyclines fluoresced with different colours so that it was possible to identify separately first and second markers. Tetracycline surface was measured only where second marker was present (thus some was single label and some double). Formation rate was determined by multiplying the tetracycline surface (second label) by the mineral apposition rate and dividing by the section area measured; it was thus expressed as pm2/day/mm2 section area. The separation of double tetracycline markers and the width of overlying osteoid ("active" osteoid) were measured directly at 100 pm intervals where both tetracycline and osteoblasts were present; the width of the remaining osteoid was measured in a similar manner. The directly measured mineralisation lag time was calculated as described by Sherrard et al,2' by dividing osteoid width by mineral apposition rate using these data. The indirectly measured mineralisa- Mineral apposition rate and bone formation rate were within the normal range, though in the hypogonad male (case 3) they were slightly lower than in all of the controls. Mean wall thickness of bone structural units was below the normal range in three patients.
The high degree ofcorrelation between forming and resorbing surfaces is shown in fig 4 , which includes both patients and controls. Though there was a wider range of values for patients than for controls, the relation between the two was similar in both groups.
Surface labelled with tetracycline correlated with osteoid surface ( fig 5) and with osteoblast surface (fig 6) . Osteoblast surface also correlated with osteoid surface (fig 7) . Though the labelled surface was similar in patients and controls, the ratio of tetracycline surface to both osteoid surface and osteoblast surface was lower in osteoporotic patients than in controls (table 2). The mean osteoid seam width was less in osteoporotic patients than in controls, and the direct and indirect mineralisation lag times were similar in patients and controls.
PTH concentrations, expressed as a percentage of the upper limit of normal, did not correlate with resorbing or forming surfaces. Case 9, with the most inactive bone, had been taking calcium and oestrogens orally, but had a normal PTH. Of the two with the most active bone, case I was young and had a normal PTH concentration; PTH was not measured in case 7.
Discussion
The association between bone forming and resorbing surfaces was similar in patients and controls, though there was a wider range ofbone activity in the patients.
The zero values in case 9 probably reflected the action of oestrogen on bone and illustrate how this hormone could be expected to maintain but not increase bone mass. Large forming and resorbing surfaces were seen in case 2 (osteoporosis related to pregnancy) and in case 7 with idiopathic osteoporosis. Thus our data do not show the increased bone resorption or decreased bone formation reported in some previous studies. Our data also do not confirm the findings ofJackson et al,'2 who found a reduced mean osteoblast surface in eugonadal men7 with osteoporosis, and an increased osteoblast surface in men with hypogonadism. There was, however, a more subtle defect in bone formation. Though the osteoporotic patients had normal osteoblast numbers relative to osteoclasts, there was evidence of abnormal osteoblast function. Impaired mineralisation was shown by a reduction in the ratio of tetracycline surface to osteoblast surface, and, as previously reported in patients with postmenopausal osteoporosis,"25 in the ratio of tetracycline surface to osteoid surface. This probably reflects an osteoblast defect, as the high correlation between 396 Hills, Dunstan, Wong, Evans tetracycline surface and osteoblast surface suggests that these cells initiate mineralisation. 26 The defect is probably a reduction in the duration of osteoblast activity rather than a reduction in the rate of mineral deposition as the mineral apposition rate and directly measured mineralisation lag times were normal in our patients. Our findings thus differ from those of Parfitt et al," who reported a prolonged mineralisation lag time in older patients with postmenopausal osteoporosis. The life span of osteoblasts was not reduced as the osteoblast surface was normal relative to the osteoid surface. Thus in this heterogeneous group of patients there was a reduced level of osteoblast activity, causing delayed mineralisation of terminal osteoid seams and perhaps also reduced osteoid synthesis. In three patients (one with glucocorticoid osteoporosis, two with idiopathic osteoporosis) the low mean wall thickness of "bone structural units"23 was additional evidence of impaired bone formation.
These abnormalities of osteoblast function were of small degree but could have led to osteoporosis over a period of years. The abnormality might also be inherited and so have been present from birth. We have recently observed a low spinal bone mass in apparently healthy young adult relatives of patients with idiopathic or postmenopausal osteoporosis. 27 This suggests that osteoporosis may often result, at least in part, from a failure to develop a normal bone mass i-, early adult life, with clinical disease being precipitated by bone loss-for example, following the menopause or glucocorticoid administration. This low "peak bone mass" may result from the osteoblast functional defect noted in the patients described here.
In view of the clinical situation and the limitations of quantitative bone histology it is not surprising that the histological abnormalities were subtle. The patients underwent biopsy after clinical presentation with fractures, and by this time the rate of bone loss is usually slow28 (in patients with an initially normal bone mass). Thus it is not surprising that resorbing and forming surfaces were roughly equivalent; the findings might be different in patients studied during the preclinical stage. Even were the biopsy specimen to be taken during a more active stage of bone loss, however, the imbalance between resorption and formation might be obscured by problems inherent in quantitative bone histology. One of these is the phenomenon of "coupling" by which osteoblasts appear at sites of previous osteoclastic resorption29 resulting in an approximate equivalence of forming and resorbing surfaces in human26"0 and animal3' bone. In histological sections of bone it results in a large "blank" reading, which may obscure small imbalances between forming and resorbing surfaces. An additional limitation is that in human bone biopsy specimens it is not possible to directly measure resorption velocity, a parameter that varies widely in rats,32 and which could have a profound effect on total bone resorption in humans.
An unexpected finding was the presence of presumed healing microfractures in two ofthe 10 patients. These have been observed in vertebrae33 and femoral heads' of elderly normal subjects, the numbers being increased when structural failure has subsequently occurred. 24 They have not been noted in many hundreds of iliac biopsy specimens taken in this unit for other purposes. They are most likely to be indicative of local structural failure, and, though perhaps not unexpected, may be the first demonstration of this phenomenon in the ilium. Microfractures were seen in case 1 who had severe osteoporosis with widespread bone pain and in case 2 with relatively mild disease and bone pain only in the areas of vertebral collapse. These microfractures then are probably not a cause of symptoms.
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